Research  on  ^blecular  Lasers 


Final  Report 
31  August  1977 


14853 


Advanced  Research  Projects  Agency 
ARPA  Order  No.  2062 


STAl'EMEKr  a 

Approved  for  public  releoM] 

Di'iUihution  Onlimif^ 


Unclassified 

Socisrit'/  Classification 


EOCiJ.McNT  CONTKOL  DATA  - RAD 

fSecurif>*  c ot  titt9.  Ao«i>*  o/  otid  onnotatton  muit  br-  wScf\  th*f  ov9rA«f  report  is  ctsssif$^if* 

! 0R;CISATINC  ACTIv/ITY  (Cnrpntmtf  mulhaO 

Cornell  University  \/ 

2a.  RCPORT  SECURITY  C 1.  ASSI  PIC  A TI3N 

Unclassified 

Ithaca,  NY  14853 

2b  CROUP 

3 PEPO^TTITUE 

( Research  on  Molecular  Lasers , / 

rll^TIVS  NOTES  (Typ^  of  fpmrt  mnd  inctu»i¥» 


7m^  TOTAWNO.  OI»  PAGCa 

19 


Saw  omaiMA Ton's  nsnonr  NUMBBnfS> 

N/A 


9b.  Oman  nanenr  NOfJU  fAnr 
this  fmpmfO 


•Htvr  Aar  smi*  bs  sssTAiarl 


I a AVAILAaiUTY/t-IMITATION  NOTICES 


II.  SUi>PI.EMSNTARY  NOTES 


N/A 


D’^faiBU'ilON  STATEMENT  A 


Approved  ioi  public  leleos^ 
Distiibution  Unlimited 


12.  SPONSONINC  MIUTARV  ACTIVITY 

Office  of  Naval  Research 


13.  ASSTRACT 


This  report  sunmarizes  research  conducted  at  Cornell  University 
under  ARPA  sponsorship  during  the  duration  of  this  contract,  dhe- 

'«K,(  . ./'«l«oTC.K 

broad  nbjectives^were  to  provide  quantitative  information  concerning 
molecular  and  chenucal  lasers.  Hie  parameters  dealt  with  were: 
new  laser  transitions  and  puiqsing  schemes;  laser  gain  and  saturation 
parameters;  measurements  of  relaxation  and  energy  transfer  betuseen 
the  translational y rotational,  vibrational,  and  electronic  modes  of 
prominent  laser  molecules. 


DD  1473 


Unclassified 

S«cunty  CtaEsihcAUon 


Ihclassified 


sitic'Uon 


Molecular  Lasers 

Chanical  Lasers 

Vibrational  Relaxation 

Energy  Transfer 

Chanical  Reaction  Rates 

HF,  DF,  CHI,  HF-CO2,  DF-CO2,  HCl 

Reactions  with  Boron  Hydrides 


INSTRUCTIONS 


1.  ORICINATI.VG  ACnVlTT;  Eater  the  aame  and  address 
of  the  contractor,  subcontractor,  srantee.  Department  of  De- 
fense activity  or  other  orcanixatiao  ^corporate  author)  issuing 
the  report. 

2a.  REPORT  SECUISTY  CLASSIFICATION:  Enter  the  over- 
all security  classificatisa  of  the  report.  Indicate  whether 
“Restricted  Data"  is  included.  MarScing  is  to  be  in  accortV 
aneo  with  apprapriata  security  regulations. 

2b.  CROUP:  Automatic  dostngrading  is  specified  in  DoD  Di- 
rective 5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  whan  applicable,  show  that  optional 
markings  have  been  used  for  Group  3 and  Group  4 as  author- 
ized. 

3.  REPORT  TITLE:  Enter  the  cosplale  report  title  in  all 
capital  letters.  Titles.in  all  cases  shouldbr  unclassified. 

If  a meaningful  title  cannot  be  selected  without  ctassUica- 
tion,  show  title  classUication  in  all  capitals  in  parenthesis 
isuaediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  ^propriate.  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. ' 

Give  the  inclusive  dales  when  a specific  reporting  period  is 
covered. 

5.  AUTHOR(S):  Eider  the  name(s)  of  authoKs)-  •*  shown  on 
or  ia  tho  report.  Enter  last  name,  first  name,  middla  initial. 

It  siUtary,  show  rank  sod  branch  of  sarvica.  Tha  nama  of 
the  principal  author  is  an  ahsoluta  miuimum  raquirament. 

6.  REPORT  DATE;  Entar  the  date  of  the  report  as  day, 
moottw  yaar  or  moidlv  yaaw  If  aiera  than  one  data  appears 
on  tho  report,  use  dale  of  publication. 

7s.  TOTAL  NUMa:Jt  OP  PACES:  The  lotsl  paga  count 
should  follow  normal  pagination  proeaduros,  Lai.,  antar  tha 
nuaibor  of  pages  containing  infbrmatioiw 

7b.  NUMBER  OF  REPERENCESC  Entar  tho  total  number  of 
references  cited  in  the  report. 

8b.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  undsr  which 
the  report  was  written. 

Sb,  3c,  C&  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
ciilitary  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMaER(S):  Enter  the  offt- 
eial  reour:  number  by  which  the  dscammt  will  be  identified 
and  co.-.:rolteU  by  she  originating  activity.  This  number  must 
be  unique  la  this  report. 

9b.  OTHER  REPORT  NU.MOE.RfS);  If  the  report  has  been 
assigned  any  other  report  numbers  (aith»f  by  the  enginetor 
or  by  l.be  sp.>naor>.  also  enter  this  numbef<s). 

to.  AL'AtLAECLtTY/LIMITATTO.X  .VOTICES:  Enter  any  lim- 
itations on  further  dissomtnalian  of  the  report,  other  than  those 


imposed  by  security  claasiacatioa,  using  staadaid  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC,*' 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DOC  is  not  authorixed." 

(3)  "U.  S.  Covamment  agencies  may  obtain  copies  of 
this  report  directly  from  ODC.  Other  qualified  DOC 
users  shall  request  through 


(4)  "U.  & military  agencies  may  obtain  copies  of  this 

report  directly  from  DOC.  Other  qualified  users 
shall  request  through . 


(S)  "Alt  distribution  of  this  report  is  controlled.  Quel- 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sate  to  the  public,  indi- 
cate thds  fset  and  enter  the  price,  if  known. 

IL  SUPPLEMENTARY  NOTES:  Use  for  additional  explano- 
tery  notes.  ■ ■ - 

12.  SPONSORING  MILITARY  ACTIVTTV;  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpay- 
ing  l0r)  the  research  and  devatopmenL  Include  address. 

13.  ABSTRACT:  Euteran  abstract  giving  a brief  and  factual  ] 
summary  of  the  document  indicative  of  the  report,  even  though 

it  may  atao  appear  elsewhere  in  the  body  of  the  technical  re- 
port. If  addiUonat  space  is  required,  a continuation  sheat  shall 
ba  attschad. 

It  ia  highly  desirable  that  tha  abstract  of  classified  rrpurta 
be  unelaaaiflad.  Each  paragraph  of  the  abatraet  shall  end  wt:h 
an  indication  of  tha  military  security  ctassificaliun  cf  the  in* 
formation  in  the  paragraph,  reprasentod  as  (TS).  (St.  (Ct.  »•  .’Vj. 

Thera  is  no  limitation  on  the  length  of  the  abstract.  How- 
ever. the  suggested  length  is  from  ISO  te  23S  wo.-ds. 

14.  KEY  WORDS:  Key  words  ere  technically  meaningful  terms 
or  short  phrases  that  characterixe  a report  and  mav  he  used  as 
index  entries  for  cataloging  thv  report.  Key  wonlu  irunt  l-e 
sn'.ffcted  so  that  no  security  claacifiearia.s  is  re*;':i“.vl.  Idr-ti- 
(iers.  Such  as  equipment  model  dvsignution,  trade  n..sie.  r.i..;».-y  ' 
project  code  name,  geographic  location,  may  be  us»-.l  as  Wee 
words  but  will  be  followed  by  an  indication  of  tcchm.'ol  c.*n-  - 
text.  The  assignment  of  links,  roles,  aad  weights  is  uptiunaS. 


S^urity  Ctaxsilicutiiii 


m 


ici;  :'."WEi» 


lit:  ('v  jt 

a ! 


Final  Report 

1 October  1968-30  September  1976 


! UIST'. ■ MDEJ 

i »»l  «>AlLTai~irii-ti*l~' 


1.  ARPA  Order  Number 

2.  Program  Code  Nutriber 

3.  Name  of  Contractor 

4.  Effective  Eate  of  Contract 

5.  Contract  Expiration  Date 

6.  Total  Amount  of  Contract 

7.  Contract  Number 

8.  Principal  Investigator 

9.  Telephone  Number 

10.  Project  Scientists 


11.  Title  of  Work 


Cornell  liiiversity 

1 October  1968 

30  Septen4>er  1976 

$ 1,142,000 

N00014-76-C-0426 

Professor  G.  J.  Wolga 

(607) -256-3962 

Professor  S.  H.  Bauer 
(60 7) -2 56-4028 

Professor  T.  A.  Cool 
(6073-256-4191 

Professor  R.  A.  McFarlane 
(6073-256-4075 

RESEARffl  ON  MOLECULAR  LASERS 


sponsored  by: 

Advanced  Research  Projects  Agency 
ARPA  Order  No.  2062 


The  views  and  conclusions  contained  in  this  document  are  those  of  the 
authors  and  should  not  be  interpreted  as  necessarily  representing 
the  official  policies,  either  expressed  or  implied,  of  the  Advanced 
Research  Projects  Agency  or  the  U.S.  Government. 


Topical  Report  Sumnary 

Hiis  report  summarizes  research  conducted  at  Cornell  liiiversily 
under  ARPA  sponsorship  during  the  duration  of  this  contract.  The 
broad  objectives  were  to  provide  quantitative  information  concerning 
molecular  and  chemical  lasers . The  parameters  dealt  with  were : 
new  laser  transitions  and  putiping  schemes;  laser  gain  and  saturation 
parameters;  measurements  of  relaxation  and  energy  transfer  between 
the  translational,  rotational,  vibrational,  and  electronic  modes  of 
prominent  laser  molecules. 

The  work  was  conducted  over  a period  of  eight  years . All  of  the 
results  obtained  have  been  published.  In  this  report  we  sh-^ll  sum- 
marize the  work  done  and  the  results  obtained  in  the  following  manner. 
Under  the  heading  of  each  of  the  faculty  investigators  we  provide  a 
Program  Summary  of  work  done  under  his  direction.  In  additicxi,  a list 
of  the  graduate  students  trained  under  sponsorship  of  this  contract 
is  included.  Finally,  a complete  bibliography  of  research  publications 
sponsored  by  this  contract  is  included. 
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Program  Suiraiary 
CG.  J.  Vtolga) 

The  work  sipported  by  this  program  was  devoted  entirely  to  the 
study  of  gas  lasers:  atomic,  molecular,  and  chemical.  The  individual 
areas  of  study  will  be  briefly  reviewed  below. 

Collisional  Effects  in  Atomic  Lasers 

Nbgnetic,  double  resonance  studies  on  near  infrared  transitions 
in  He-Ne  lasers  were  used  to  determine  collision  dependent  decay  rates. 
The  theory  of  magnetic,  double  resonance  was  augmented  and  applied  to 
transitions  in  the  He-Ne  laser. 

Basic  Parameters  and  Techniques  in  f.tolecular  Lasers 

The  gain  distribution,  population  densities,  and  rotational 
tenperature  were  accurately  measured  for  the  conventional,  flowing 
gas  CO2  - N2  - He  laser  in  our  laboratory.  These  were  the  earliest 
published  reliable  results  and  provided  insight  into  the  rapid  rota- 
tional thermalization  process.  Similar  parameters  were  measured  for 
the  N2O  - N2  - He  laser  with  comparisons  to  the  CO2  laser.  The 
Lamb  dip  was  studied  in  0^2  lasers.  The  technique  of  sequen- 

tial Q- switching  of  a molecular  laser  was  developed.  Tlie  first 
direct  measurement  of  the  rotational  relaxation  time  in  CO2  was  made 
in  our  laboratory. 


The  influence  of  collisions  on  optical  saturation  and  Lamb  dip 


formation  was  studied  in  the  CO2  laser.  The  use  of  an  intracavity 
CO2  absorption  cell  in  a CO2  laser  led  to  the  observation  and  quanti- 
tative study  of  repetitive  passive  Q- switching  of  this  laser.  Tuned 
laser  spectroscopy  of  SFg  permitted  the  study  of  optical  saturation 
on  a single  vibration- rotation  transition  in  this  molecule.  A theory 
was  developed  to  describe  the  complex  frequency  dependence  of  optical 
saturation  of  molecular  vibration-rotation  transitions. 

ffelecular  Relaxation 

Vibrational  deactivation  of  the  (00°1)  level  of  CO2  by  collisions 
with  HF(v=0)  and  DF(v=0)  was  first  studied  in  our  laboratory.  The 
method  of  laser  induced  fluorescence  was  augmented  by  electron  para- 
magnetic resonance  to  permit  study  of  the  relaxation  of  molecules  by 
atoms.  The  following  systems  were  studied  quantitatively  with  this 
method  to  yield  room  temperature  atom-molecule  rate  constants: 

HF(v-l),  F,  0,  H,  Cl;  DF(v-l),  0,  Cl,  F;  C02(00“l),  0,  Cl,  F.  A 

resonance  effect  in  electronic  to  vibrational  energy  transfer  was 

« 

discovered  and  a rate  constant  for  the  V E process  between  HFCv»l) 
and  was  determined. 


f T.  0.  Carroll 

i 

Ph.D. 

State  liiiversity  of 

New  Yoric,  Stony  Brook 

* N.  Djeu 

Ph.D. 

Naval  Research  Laboratory 

T.  Kan 

Ph.D. 

Lawrence  Livermore 
Laboratory 

: Dr.  S.  Marcus 

M 

Post  Doc. 

MX  Lincoln  Laboratory 

• H.  T.  Powell 

Ph.D. 

Lawrence  Livermore 
Laboratory 

‘ R.  S.  Chang 

M.S.,  Ph.D. 

Chemistry  Department  - 
Kansas  State  Lhiversity 

•;  G.  P.  Quigley 

‘i 

Ph.D. 

Los  Alamos  Scientific 
Laboratory 

Dr.  M.  I.  Buchwald 

Post  Doc. 

Los  Alamos  Scientific 
Laboratory 

C.  R.  Miller 

no  degree  granted 

Raytheon 

T.  R.  I4anuccia 

no  degree  granted 

Naval  Research  Laboratory 

T.  A.  Reitter 

M.S. 

unknown 

List  of  Publications 
(G.  J.  Wolga) 

N.  Djeu,  T.  Kan,  C.  R.  Miller,  and  G.  J.  Wolga,  Sequential  Q-Switching 
of  Vibration- Rotation  Transitions  in  the  CO2  Gas  Laser,  J.  /^pl. 
Phys.  39,  2157  (1968). 

T.  0.  Carroll  and  G.  J.  Wolga,  Effect  of  Collision  Broadening  l4>on. 
f.fagnetic  Rescmance  in  a He-Ne  Laser,  Phys.  Rev.  Lett.  670 
(1968) . 

T.  0.  Carroll  and  S.  Marcus,  A Direct  Msasurement  of  the  Rotational 
Rslaxation  Time  in  CO2,  Physics  Letters  27A,  590  (1968). 

N.  Djeu,  T.  Kan,  and  G.  J.  Wolga,  Gain  Distribution,  Population 
Densities,  and  Rotational  Temperature  for  the  (00*1)- (10°0) 
Rotation- Vibration  Transitions  in  a Flowing  OO2  - N2  - He 
Laser,  IEEE  J.  of  Quantum  Electronics  QE-4,  256  (1968) . 

N.  Djeu,  T.  Kan,  and  G.  J.  Wolga,  Laser  Parameters  for  the  10. 8p 
N2O  Molecular  Laser,  IEEE  J.  of  Quantum  Electronics  QE-4, 

783  (1968). 

N.  Djeu  and  G.  J.  Wolga,  Observation  of  New  Laser  Transiticaas  in  N2O, 
IEEE  J.  of  Quantum  Electronics  QE-5.  50  (1969) . 

T.  Kan,  H.  T.  Powell,  and  G.  J.  Wolga,  Observations  of  the  Central 
Tuning  Edp  in  N2O  and  OO2  Molecular  Lasers,  IEEE  J,  of  Quantum 
Electronics  QE-5,  299  (1969) . 

T.  0.  Carroll,  Double- Resonance  Spectroscopy  in  Gas  Lasers,  IEEE  J. 
of  Quantum  Electronics  QE-6,  516  (1970) . 


1 


-5- 


t 


I 

i 


I 

r 

I 


t 


N.  Djeu  and  G.  J.  Wolga,  Optical  Saturation  of  a Single  Vibration- 

Rotation  Transition  in  the  Fundamental  of  SF^,  J.  Chem.  Hiys. 
54,  (1971). 

T.  Kan  and  G.  J.  Wolga,  Influence  of  Collisions  cm  Radiative  Satur- 
ation and  Lamb  Dip  Formation  in  CO2  Molecular  Lasers,  IEEE  J.  of 
Quantum  Electronics  QE-7,  141  C1971). 

N.  Djeu  and  G.  J.  Wolga,  Frequency  Dependence  of  the  Optical 

Saturation  of  Vibration- Rotation  Transitions,  J.  ^pl.  Phys. 

U,  3226  (1971). 

H.  T.  Powell  and  G.  J.  Wolga,  Repetitive  Passive  Q Switching  of 
Single- Frequency  Lasers,  IEEE  J.  of  Quantum  Electronics  QE-7, 

213  (1971). 

R.  S.  Chang,  R.  A.  MzFarlane,  and  G.  J.  Wolga,  Vibrational  Iteacti- 
vation  of  CO2  by  IlF  and  DF  at  75  and  100°  C,  J.  Chem.  Phys. 

668  (1972). 

G.  P.  Quigley  and  G.  J.  Wolga,  Deactivation  of  HF(v=l)  by  F,  0,  and 
H Atoms,  Giem.  Phys.  Lett.  276  (1974). 

M.  I.  Buchwald  and  G.  J.  Wolga,  Vibrational  Relaxation  of  C02(001) 
by  Atoms,  J.  Chem.  Phys.  2828  (1975). 

G.  P.  Quigley  and  G.  J.  Wolga,  The  Deactivation  of  HFCv=l)  and 

DF(v=l)  by  0,  Cl,  and  F Atoms,  J.  Chem.  Phys.  6^  5263  0-975). 

G.  P.  Quigley  and  G.  J.  Wolga,  A Resonance  Effect  in  Electronic-to- 
Vibrational  Energy  Transfer  Deactivation  of  HF(v*l)  by  BrC^2^2)» 
J.  Qiem.  Phys.  4561  (1975). 


i 


i 


I 


-6- 


Program  Suirmary 
(S.  H.  Bauer) 

Our  research  program  yielded  some  successful  and  some  unsuc- 
cessful ejqjeriments  in  the  sense  tliat  the  proposed  objectives  were 
either  achieved  or  were  not.  However,  in  the  latter  case  useful 
information  was  developed.  We  can  point  to  five  distinct  areas 
listed  below  in  chronological  sequence. 

Attempts  to  develop  a chemical  CO2  laser  [GO  oxidation  with 
N2O  and  F2O  under  shock  tube  conditions]  failed.  The  kinetics  of 
N2O  and  F2O  decompositions  were  unraveled. 

The  vibrational  relaxation  times  of  CO2  with  five  collision 
partners  were  measured  over  a range  of  temperatures.  These  data 
were  useful  in  modeling  and  exposition  of  the  CO2  - GDL  operation. 

A new  diemical  lasing  system  was  discovered:  0^02  + 0 CO  + 2C0 
and  an  atomic  boron  laser  was  found.  Also  very  extensive  computer 
modeling  of  the  chemical  aspects  of  the  CS,  + 0 and  C,0.,  + 0 lasers 

L J 4. 

was  undertciken  and  conpleted. 

The  reaction  between  and  0 atoms  were  studied  in  a moderate 
pressure  flow  system.  A full  mechanism  was  developed  for  the  pro- 
duction of  BO*. 

At  the  termination  of  the  contract  we  were  left  with  incompleted 
studies  of  various  fuel  plus  oxidizer  combinations  which  generated 
high  levels  of  chemiluminescence  in  the  visible  when  ignited  with  a 
CO2  laser  pulse.  The  objective  was  to  find  appropriate  conditions  for 
the  production  of  the  electronically  excited  laser  for  the  visible. 

The  visible  laser  was  not  obtained. 
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Program  Summary 
CT.  A.  Cool) 

Our  efforts  have  been  primarily  concerned  with  the  stucfy  of 
chemical  lasers  since  the  inception  of  the  ARPA  si?)ported  contract. 
Tliis  support  was  instrumental  in  the  development  of  the  first  purely 
chemical  laser  in  our  laboratory  during  the  summer  of  1969.  Studies 
of  tlie  performance  of  this  device  and  of  the  key  kinetic  processes 
involved  in  its  operation  were  our  major  concerns  for  much  of  the 
contract  period.  These  chemical  laser  related  studies  fell  into 
several  categories: 

(a)  Characterization  of  the  performance  of  large  scale  DF-OO2 
transfer  chemical  lasers. 

(b)  Spectroscopy  and  studies  of  the  perfoimance  character- 
istics of  a variety  of  av  hydrogen  halide  chemical  lasers  (HF,  DF, 
HCl,  etc.). 

(c)  Measurement  of  vibrational  matrix  elements  and  dipole 
moment  function  for  HF  and  DF. 

(d)  Laser  induced  fluorescence  studies  of  vibrational  energy 
transfer  in  several  molecular  systems  over  the  range  200-700*  K. 

Mere  recently  we  have  used  a CO2  laser  to  vibrationally  excite 
the  Oj  molecule  for  studies  of  vibrational  energy  transfer  in  0^. 
Tliis  work  has  led  to  important  conclusions  concerning  the  laser 
enhanced  reaction  of  Oj  and  NO.  Present  studies  of  this  reaction  in 
our  laboratory  have  complemented  previous  work  at  NBS  and  the  Naval 
Research  Laboratory. 
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Program  Summary 
(R.  A.  I4cFarlane) 

l^oduction  and  Kinetics  of  Vibrationally  Excited  Carbon  Monoxide  for 
Chemical  Laser  ^plication  ~~ 

Tliis  project  concerned  the  utilization  of  the  reaction  of  atonic 
oxygen  with  acetylene  to  produce  vibrationally  excited  GO 


1 


0 + C^i2*'  00  + CH2  + 51  kcal/mole 

0 + CH2  ->  00*  + 211  + 71  kcal/mole 

of  potential  use  as  the  actiAre  medium  of  a chemical  laser.  A hi^ 
capacity  oxygen  atom  source  was  developed  using  a CW  microwave  magne- 
tron and  tlie  above  reactions  initiated  by  the  injection  of  C2H2  into 
the  flowing  atom  stream. 

By  studying  the  overtone  emission  fran  CO  at  2.8  microns  detailed 
information  on  both  the  nascent  and  relaxed  00  vibrational  population 
distribution  was  obtained  using  a computer  simulation  of  the  observed 
spectrum  with  both  N^,  the  population  density  in  level  v and  T,  the 
treinslation/ rotation  tenperature  as  controllable  parameters.  The 
relaxation  rate  for  tlie  process 

COCv)  + 00(0)  COCv-1)  + 00(1) 

was  obtained  for  levels  v = 2 to  v = 13  by  using  a new  cinalysis  appro- 
priate to  our  very  high  speed  flow  conditions  and  which  permitted  a 
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very  substantial  decoiqiling  o£  the  equations  for  individual  vibra-  1 

tional  level  populations.  It  was  demonstrated  tliat  because  of  the 
relatively  higlier  V-V  rates  for  quenching  levels  v = 5 and  v = 6 
tliat  a total  inversion  condition  could  be  established  in  the  chemically 
formed  CO.  Further,  the  modeling  of  the  vibrational  distribution  as  a 
function  of  time  using  the  measured  V-V  rates  was  entirely  consistent 
with  our  experimental  observations. 

The  rate  at  which  oxygen  atoms  lead  to  the  quenching  of  vibrationally 
excited  CO(v=l)  was  studied  over  the  temperature  range  273“  K to  389“  K. 

In  this  case  CO  molecules  were  excited  using  the  second  harmonic  of  a 
9.6vi  CO2  laser  and  by  monitoring  the  change  in  fluorescence  decay  rate 
as  a fiinction  of  0 atom  concentration  the  following  data  were  obtained 


T“K  k sec"^  torr' 


389 

4.2 

X 10 

359 

2.1 

X 10 

306 

1.3 

X 10 

273 

0.89 

X 10 

These  rates  are  about  a factor  of  two  faster  than  a simple  Landau- 
Teller  extrapolation  of  similar  data  taken  in  a shock  tube  with 
tenperature  near  2000"  K. 
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Milestones  » 

A new  tedmique  using  high,  speed  flow  conditions  was  developed 
and  applied  to  measure  the  rate  at  which  COCv=0)  molecules  collisionally 
relax  vibrationally  excited  CO  molecules.  A conputer  model  was  devel- 
oped to  demonstrate  that  in  the  0 - C2H2  reaction  a "total -vibrational 
population  inversion"  could  be  obtained  using  the  preferential  relax- 
ation by  cold  CO.  Nfeasurenents  were  made  in  the  laboratory  of  the 
spontaneous  emission  from  the  ojq^gen-acetylene  reaction  demonstrating 
that  such  an  inversion  could  be  realized  in  practice. 

The  rate  at  which  oxygen  atoms  collisionally  relax  COCv=l) 
molecules  was  measured  over  the  temperature  range  273“  K to  389“  K. 

i 
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